Recently an effort was made to design nuclear reactor systems via state-variable feedback techniques.
INTRODUCTION
The application of the state variable feedback control technique to nuclear reactor systems seems to be a promising approach with many advantages over the classical and the optimal control techniques providing a kind of link between them.
Some studies concerning the application of this technique to nuclear reactors are involved in It J-L7 ~
In general, the objective of this technique is to realize exactly given dynamics by feeding back some or all of the state variables through appropriate gains. The desired system dynamics is usually described by a given transfer function which is completely specified by its zeroes, poles and d.c. gains.
The work described in [I]- [3] is constrained to single-input single-output reactor systems and derives the solution (ii.e. the feedback gains) by a direct comparison of the transfer function of the closed-loop system with that of the desired model, and an equation of the equal-power terms. The full theory of this method may be found in
4~.
These results were extended in [5] to reactor systems having m inputs and m outputs through Gilbert's technique of canonical decoupling [
• .
A similar technique is described in L~ . A further extension of F~ this method to the case where additional compensation is required to meet the desired criteria was made in bJ.
From the point of view of pure control theory this problem has received independent attention and a substantial amount of results are already available ~J -b9J. Particular attention was given to two subproblems of the general state variable feedback control design problem, namely the decoupling problem ~J -b 0~, and the eigenvalue control pro-
The purpose of the present paper is to investigate the applicability to multi-input multi-output nuclear reaotors of a recent state variable feedback control technique ~ , b~ , [2~ which is based on the assumption that the system under control is given in, or transformed into, its phase canonical form.
The main problem is that of noninteracting system design, and the method provides simultaneous inputoutput and state variable decoupling. 
STATE EQUATIONS OF MULTIPLE-CORE REACTORS
A coupled-core reactor is a critical reactor composed by two or more independently subcritical cores. The coupling effect is the result of mutual exchange of leakage neutrons between cores. In such reactors in order to apply successful control to the power levels of the cores independently, the effects of the neutron coupling must he balanced, i.e. a decoupled or noninteracting system is to be designed.
Consider a multiple-core reactor in which each core is coupled only with the neighbouring cores. Assume for simplicity one delayed neutron group for each core, and small neutron travel time between cores. Then, including the negative temperature feedback, the state equations (linearized) for a 3-core system are* *Details of derivation together with an introduction of nuclear reactors in state space are given in [2] . + ~2 x2 + ~1x4  TI x7 + %~i x10   dx2  D21  2D22+~2  D23  ~2n~  n~  dt -T1 xl  ~2  x2 + T--~ x3 + 12x5 --rr~ X8 + q X11   dx 3  D32  D33+I~ 3  ~3n~  n~  dt -T 2 x2 r3 x3 +13x6 r3 x9 + q x12
Here Xl,X2,X 3 are power levels in cores 1,2,3 correspondingly, x4,x5,x 6 are concentrations of delayed neutrons x7sxS,x 9 are control rod rates, and ul,u2,u 3 are the control inputs for cores 1,2,3 respectively. The parameters involved have the following interpretation with i=1,2,3. In matrix form this 3-core reactor system (as any multiple core reactor system) can be written as: 
Here it is assumed that p=m'=m. The problem under consideration is to calculate the numerical values of the gain matrices K and N which cause the system to be input-output and state variable decoupled, and to possess required dynamic performance.
Mathematically, input-output decoupling (or noninteraction) implies that the input-output transfer matrix is diagonal, whereas state variable decoupling implies that in state space the system is composed by m noninteracting subsystems each one having one input-output pair.
The transfer matrix of the closed-loop system (4) Hence, the combined input-output and state variable decoupling problem under consideration here is reduced to that of selecting K,N, and M so as to satisfy the conditions in (7), with A,B,C having the form (8) .
The control of the system poles is accomplished by suitably choosing the parameters ~ij' j=1,2, .... oi, i=1,2,...,m, whereas the d.c.
gains are controlled by suitably selecting CSk" Of course it must be noted here that not all of tjk are free to be selected arbitrarily, since they are constrained by the zeros of the system under control, i.e. by the structure of system (2).
Solution of the problem
The pure input-output decoupling problem has been studied by Falb 
the first two conditions in (7) Clearly, B*e=I (unity matrix), and hence the two relations in (11) involving B** give = E**~-I-A **, N = g**fi (12)
Taking into account the fact that B*=0 the other two relations in (11)
The third condition (7) together with conditions (13) Now, from single-input single-output state variable control theory it is known that all n +n~ poles are controlled, but the zeros k K c are fixed to be the zeros of Fk(S)Fk(S ) . Thus, combining the results of section 3.2 with the second method outlined here, the following control design procedure is proposed.
Step I: Transform the system under control into its Luenberger input canonical form.
Step 2: Specify the Luenberger canonical decoupled model by using the desired poles and d.c~ gains. The feedback matrix gains for the original system (16) are No:N , and 
~ J :
The closed-loom transfer function is found to be
We observe that the resulting closed-loop system is composed by three noninteracting second-order systems.
Clearly , It is easy to verify that the transfer function of the preceding subsystem is Yi(S)/~i(s)=ei2/(s2-~i2s-~il ) as desired.
Example 2
The second example is a two coupled-core reactor system with control rod dynamics: 
CONCLUSIONS
The technique presented in this paper is applicable to coupled nuclear reactor systems which, owing to the large number of states of each core and the large number of cores possible, belong to the class of large multivariable systems. SPatially-distributed-core reactors can be treated using this technique by subdividing the core into a number of coupled subcores. Actually, the results of this paper constitute the first part of a work aiming to apply the state feedback approach to complete power reactor systems [20] . This will first require an exten- Of course in this case there is again the possibility of loosing or introducing undesired zeros, and so the algorithm must be preferred in the order step I, step 2, step 3, step 4.
